e

#= INDUSTRIAL AND MANAGEMENT d B aaiGanlc Deslon
¢/ ENGINEERING, POSTECH Technology Lab

C

Halg'd 7|2 A0rEE ThX| XHA|

>
p L=
-1
Hi
HO
|1t
=
uE

POS TE2ECH
POHANG UNIVERSITY OF SCIENCE AND TECHNOLOGY n | mt}ﬁ
<. INDUSTRIAL AND MANAGEMENT I AI._gé"l ]g 7 I-ﬂ E-l

f%} ENGINEERING, POSTECH =
Usability Center

—~, Ergonomic Design
P O Technology Lab

= A7 HUSEXA R "0 HET AFEXHHL| M| A F kR GAIY el X| S ot =M E AT ZADY (RO004840, 2020)

Global Contributor to Eco-Techno-Humanopia




Contents

« AOLEZE TOpX| X}A| O|O|E EE AlS
|

= GojE MX/2E 70
0 o7 Zat
. BEEER AT
o E°
/. INDUSTRIAL AND MANAGEMENT d-ﬁ?;?.'.'&";fff.?"

o ENGINEERING, POSTECH




M= obX] XiMjet AFE/E

Q NE9 EXA3t user interface(U)= 2H et ItX| XHME S22 = JUS
v EAFSHE CjAto| QIX|0f [t TFX| XFA| 7+ ZtabE (Wobbrock et al., 2008)

v IOHX| PO et &= 28 HHE O] EH2l & (Yang et al., 2012)

Q =EH oA XAtM= AH8d KXot 2o 2k J7I, 7|7] slipg REY

rl

O

Ml =2l cret Thx] XiA| =M

FOHX| XpM 2 Qlet BEH

— o M

r
oo

( > \ EE3nga 2 Ergonomic Design
; Y Atz 23t} 3 Technology Lab




TEX| XtA|

AHEXel = AOIEE

P

Choss

Q

-

ol
o3

2 0|20{X|1

F

xu
i
R1
Kl

b

g |

/

X2l 71

.I

<l
)|

o/
ol

F

A A0rE &= TpX| XEA| o}

ol

O

Ergonomic Design
Technology Lab

Mz opx| XpM| e}

ZETcgetn
@ NEEEEL




opX| XpM| zefel Mile'd 7| &8-S
£3j oln| x|/ B MM 22
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detection 7|=0| G MHESIAH & &E += US

Image recognition Kinect, glove

Move backward i -'
Rotate anticlockwise u ‘ I

Rotate clockwise

(Chattaraj et al., 2018)

Move forward
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Zoom out
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No. Year Title Authors Affiliation Journal Ojbective | Device [Model/image base| Algorithm
Ji Wei Road 106, Jinan, Shandong, China
Feature extraction from hand image based on Zhiquan Fengm Bo Yang, Yuehui Chen, School of Information Science and Engineering, University Gesture 2D Coarse location for feature — polygon
1 2011 new detection operator 9 Yanwei Zheng, Tao Xu, Yi Li, Ting Xu, of Jinan, Jinan 250022, PR China Pattern Recognition recognition camera Image base boundaries 0| 23}0] Bi ZO|A & AZE = link
P Deling Zhu Provincial Key Laboratory for Network Based Intelligent 9 model 444
Computing, University of Jinan, Jinan 250022, PR China
A real-time hand tracker using variable-length Gaussian mixtures algorithm (Stauffer and
P 2007 Markov models 9 9 Nikolay Stefanov, Aphrodite Galata, Advanced Interfaces Group, School of Computer Science, Computer Vision and Gesture 2D Image base Grimson)2 0| 238}0{ £9| hue valueZ
of behaviour Roger Hubbold University of Manchester, Manchester M13 9PL, UK Image Understanding recognition camera 9 J|&o2 Hj41t £(lowhue)g 22| = &2
polygonC 2 T3t A7 2E ZIE HE
3 2000 Gesture recognition using the multi-PDM Chung-Lin Huang, Ming-Shan Wu, Institute of Electrical Engineering, National Tsing-Hua Image and Vision Gesture 2D Image base PDM1} Hidden Markov Model(HMM) S Zg}sh
method and hidden Markov model Sheng-Hung Jeng University, Hsin-Chu, Taiwan, ROC Computing recognition camera 9 HE LN S5 FIEALER
ati - i i isi i HE S 7 A Do 2
4 2010 A vanathnal gpproach to monocular hand: Martin de La Gorce, Nikos Paragios MAS Laboratory, Ecole Centrale de Paris, Grande Voie des | Computer Vision aﬁd Gestqrg 2D Model base Handillhouene HE = 2t 2E 2@ 2M510]
pose estimation Vignes, 92 295 Chatenay-Malabry, France Image Understanding recognition camera NS
Institute of Electrical Engineering, National Tsing Hua
University, HsinChu, Taiwan, ROC 2D P 2t bRl 2¢ A i
A multi-view vision-based hand motion Meng-Fen Ho, Chuan-Yu Tseng, Cheng- | Department of electronic Engineering, Hsiuping Institute of . Gesture camera, = - 3 2el, 2 28 2 A, mL.m' view fiata
5 2011 N . . " " Pattern Recognition - FIL =AM EA £+2, separable state based particle filtering
capturing system Chang Lien, Chung-Lin Huang Technology, Taichung, Taiwan, ROC recognition depth = e
§ ! (SSBPF) =7} =AL ZQ
Department of Computer Science and Information camera
Engineering, Chung-Hua University, HsinChu, Taiwan, ROC
3D hand tracking for h D f Engineering Science, University of Oxford, | | d Visi G e Hand 22 = 7t =M 2t 28010 etel
6 2012 3D hand tracking for human computer Victor Adrian Prisacariu, lan Reid epartment of Engineering Science, University of Oxford, mage and Vision esture camera, Image base rotation M-8, Visual 3D tracker & F=7} A
interaction United Kingdom Computing recognition accelero mg
meter =
X . . State Key Laboratory of Intelligent Technology and Systems, . Hand model ZZ A| PF (particle Filter) 2} GA
7 2004 qu.el based visual hand _posture tracking for Jinshi Cui, Zengqi Sun Department of Computer Science and Technology, Tsinghua Optics I Ges“?’,e 20 Model base (genetic algorithm) 2 g§83810{ GA7Z| &
guiding a dexterous robotic hand H - . Communications recognition camera N i o
University, Beijing 100084, China particle filter£ 7}
Gravity optimised particle filter for hand " School of Engineering, University of Warwick, Gibbet Hill Gesture 2D = Sy S| Wi o= H=
8 2012 tracking Malik Morshidi, Tardi Tjahjadi Road, Coventry CV4 7AL, United Kingdom Pattern Recognition recognition camera Model base PFE 7| M3t GOPF o2 ZHE
. . A . . . " Perceiving Systems Department, Max Planck Institute for .- Hand pose oo =7 ol " ~ =
9 2017 glggc’zi'::::;'c hand pose estimation with "LaggzLFéimS;’{i::E‘r’;g :réjellsvom, Carl Intelligent Systems, 72076 Tiibingen, Germany I(ir?;nzuLtﬂd\grssIgLs::]d in product 2D Image base 75“5 EHGII Sl hand tracking 7| &1t 7] =
g ' g CVAPICAS, KTH, SE-100 44 Stockholm, Sweden 9 9 use =Ha
. A I - . . . Centre for Vision, Speech and Signal Processing, Faculty of - et 2 0|2 A
10 2017 Guided optn_msatlon through cIas_slflcgtlon Philip Krejov, Andrew Gilbert, Richard Engineering and Physical Sciences, University of Surrey, Computer Vision aﬁd GestL_|r_e Depth Image base \)/\0>iel gn;j filterZ 0| 23| point cloud data0i| A
and regression for hand pose estimation Bowden Image Understanding recognition camera M BN
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= Al & FH Algorithm

O Hand tracking2 3S%X 2 £ (1) capturing, (2) finding, (3) analyzing2| 3ttA
HX|H, hand shape2 2A15t= image 7|81t 3D configurationgs 241st=
model 7|8t 2 1 E &

Capturing and finding Image based analyzing
25 3 I A W
o S seoee
“eeaeas
(Lee etal., 2013)
(Premaratne et al., 2017) Model based analyzing
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;
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2 o
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(Stefanov et al., 2007) .

3 Cui and Sun, 2004 (Chattaraj et al., 2018)
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=9¢ ZAL & =X Algorithm: Image 7| 8h1/2)

and pose0| Lot CF9] ImageE EF =2 M50 st&5A|7

}9| hand poseE &AM

o MEX 2 XM ELCH= &2 SXHYUS FHOIY gestureE AASH=

Hand movement tracking

Normal ‘A’ Rotated and Scaled Translated Noisy

(Premaratne et al., 2013)

222224

(Leeetal., 2013)

(Shamaie and Sutherland, 2005)

. = q T -‘ -’. -w ‘ . | | h | | . |
Move forward Move backward Zoom in
Zoom out Rotate clockwise Rotate anticlockwise n ' ' H -

ZETcgetn (Rautaray and Agrawal, 2012)
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O Hand kinematic model= link2| 2} jointe| Xt =& A+ SHO| X

=0 2 M5t 5 4t hand dataZ fitting

Hand kinematic models Fitted hands

Coleca et al. (2015) Ge and Lee (2008) Ho et al. (2011)

thumb TH wirst

Gorce and Paragios (2010) Cerulo et al. (2017) Gorce and Paragios (2010) Morshidi and Tjahjadi (2012)
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= = L it = = = o ES
Q dd A5 Sl 2OIEE AE & TR taske ME s4= ==
_I e —t o —t . . - -
O SN AYEA Mets 18510 (1) Texting, (2) web surfing, (3) Listening,
. E e
(4) calling2| 47tX| task & M &
/ e N\ Tasks Specific actions
1. Grasp the phone
Answering a call 2. Answer a call by flicking the screen
-Aplp e -Aplp 3. Turn volume up/down by volume key
selection | = We selection
(Wif surfing (message) 1. Turn volume up/down by volume key
toggle)
2. Scroll up/down
Listening to music | 3. Show menus
I 4. Selectamenu
. Screen 5. Turn volume up/down by volume key
« Screen browsing * Screen
browsing | * Web browsing 1. Turn screen on by power key
surfing 2. Navigate screens
Texting 3. Select a message app
4. Send a message
" eitng . 5. Return home
+ Texting Iextlng
“Textng |- Menu election 1. Turn screen on by power key
(add (internet) 2. Turn Wi-Fi on/off
playlist Browsing the web | 3. Select a web browser app
4. Browse the internet
\ Back | Home | Menu / 5. Turn screen off by power key
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O Video camera (HDR-AS200, Sony Inc., Japan)= M S EO{X}O| AP A &
AU Z doliorX| A== &= QX EH ATl SR HY X

QO Hand detectionS ?[oll 7tH[2f E2F S0 42 4= X

Video camera

Bottom camera
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L X| XpM| M. 2 UHE Image Capture

Q mX| XpM|Z7F 278 E - 2H0) CHOH task = THAI'E 2 image capture
v & 0|0|X| 5=: 1931 7H(40H x 97 mock-up x 10 THA| task)
v AR 29 HAE = OHX| ApM| 0 F7E =0l

Image capture A| ™

Display AFE Al Hard key AFE Al

Hard key press

7 17 H A

Double check

SNER e ] . E ic Desi
LUAZBSSE ' r?;‘»’.'.'.%'-ﬂ:y Labgn




O Mock-up2| 2t 29/ 9|X|3t £7}2to] 28 7|0 2 TX| XM 8 £8
]

O Smartphone PUI task 2 A| =2 AFEEl 771X| THX| X}A|off CHalf &

oix| XMl 78 2& olAl: L3-R1-K1 PUI =X Al AL E|£= grip posture’ A2 Bz

0,
80% 7229,
70%

60%
50%
40%
30%

20% 0
10% 1o 9.0% 4.0%
(1] . 0 0
B om 2 v o

L3-R1-K1

) = g (\ C.
lq S \ a \ \ U s
\ N \\ N N\ ! k

Left Right | Top |Bottom| Front | Rear
L (R) m (B) (F) X)

Location

0.3%

L3-R1-K1 L4-R1 L3-R1-T1 L2-R1-K2 L2-R1-B1-K1 L2-R1-T1-B1 L3-R1-B1

.«/x TR ¢
7f ‘t.\ Sy | .

# of fingers 3 1 0 0 0 1 .
@yma%%w () eoenosic Dase
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Q Input data: grip posture 58 &= S5 €2 7 types image data

Q 2= HojEe 4% &% s ol LEE HO|H2t s &% HO[HZ 214

77tX| Fd2| ox| XtM| | ofE 5 E2 f99 A& 2 E£9| ohX| XHA|

No. Type Amount Left hand Right hand

1 L2-R1-K2 175
2 L2-B1-R1-K1 205
3 L2-T1-B1-R1 185
4 L3-R1-K1 754
5 L3-B1-R1 218
6 L3-R1-T1 229
7 L4-R1 165

Total 1931

izl zein oo



Preprocessing

O Capture® image& HIE 2 2 image preprocessingS T+
—

> (1) Binarization, (2) skin color distinguishing method2| F7}X| & & =t 7t

EE Y CEERS

Il

v Binarization: & noiseE O & XN 7{5}X| 0t 7t= £712H2 & detection otX| 25t= 42 E U2
H

v’ Skin color 7|8t G ™=K F 2 AH7ZEnp 282 nojse /7t Al st

Raw data®} preprocessing @1} image 27}X| preprocessing method

Raw data After preprocessing Binarization skin color distinguishing
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Preprocessing: ¥12|& +d il 2

M= ] Fle Edit
Home  Share  View

& > « 4[> ThisPC > MEED) > GripPosture » Train New

v O | SearchTr

data_prej

Name

% data_preproce:

s Quick access
14122362155
B Desktop

& Downloads
5] Documents

Date modified

Type Size

This folder is empty.

&) Pictures
Eo
Course
BMI
NRF Korea-China Joint Research [C 3]
Oxygen Mask (£ 2]
599 Oxygen Mask Design (Z14191)
122
1
Grip Postuer Project
Grip_Posture

Raw_data_direct
@ OneDrive
0 This PC

B 30 Objects
B Desktop

Documents
¥ Downloads
b Music

&) Pictures

B Videos

Local Disk (C:)
- MEE0)

= USB Drive (E)

— USB Drive (E)

& Network

runQ)

python

s Finished with exi

0 items.

DO B Terminal @ Pyt

EgIdsta

3
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Classification

O Image classification0l| (1) CNN, (2) Random forest2| 27t X| 7|8t R &S M7

CNN (Convolutional T T S Decision tree HMM (Hidden
neural network) Markov Model)

pye|x) abservation probability SONAR roisiness

Cemoition Podig Comelet
.............

o g " p %
ded de o dade dedhs dadn
— ||| N r Treed Tiee2 Teea
T ot [034)
t sl
T o ClasX Claw ¥ ClwX

ransition probability susmarine locomation

T
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{ Msordty Vossg
al Class
Initial Map Final
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Input Feature maps Featuremaps Featuremaps Featwemaps  Output /’ AA "TAA
15 X1) I XE)
24 42020 4@1000 8888 84 2@ X A
\ L ] b
N y
MR e AR
Cass f 0N nn
‘ weight a -
estimation \ O == O
Convoluton Susamping  Comolton  Subsamplag  Convoluton Odgnalain dataset . A .
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Classification

O Image classificationd| (1) CNN, (2) Random forest2| 27t X| 7|2t @ &2 M7

Feature maps Featuremaps  Feature maps  Feature maps.
482020 4@10x10 g B@dxd

EgIgeta
@ soize 2ata}

Random forest Decision tree

HMM (Hidden
Markov Model)

B . plyelx)  observation probabiity SONAR roisiness
A, > P
/ A Plx x-1) Iransilion probability supmarine locomation
(O T 6 o R e g i P =
» (TR il 4 i X.Y) = o(x) [T plxsalxe) T plrelee)
Tree Tree:2 Teen P} =t
ClsX Class Y ClsX \1/ \[/
‘ O ® ®& ®
Majority Votng |
U
Fimal Class

Initial

Decision Tree:

L
prt from the dress?
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Classification

Q Convolutional Neural Network (CNN)= O|O|X| G|O| & <t
gaz(E

> Layer = 3710l 2 Hetz 7t 4

» O|0|X| 4|O|E E&0f 7}& LHHA

O =2 L

0 Random forest (RF)

> Classification0f] gt 452 E0 UM Oo2 AlEE|= &

Final

Manpars train sat - -4:‘;:*4.R Imlm'mm x|
@._ Y Tojcetn 3
oy MAFSSEY
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Hyperparameter Tuning &€ 112|&: Grid Search

O RFEE A Y252 2o Eg2 == 07 B =78
(depth of each trees, # of trees)

Q Hyperparameter tuning%|= CHEXM 2 2 37}X| g
» Manual search: Oi7lf B+ +=a/EI5X 2= Q=50
> Grid search: Di 71 H == gf

o
= | |
» Random search: Of 7l H4-5 2 X2 HMGIO] &= gFH

Manual Search Grid Search Random Search
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Results: Random Forest 7|8 2 & mEl

Q Z parameter® 7t H2
» max depth: 5~ 11
» Minimum samples of leaf: 1, 2, 4
» Minimum samples of splits: 1, 2, 4
» the number of estimator: 15 ~ 149
U Best hyperparameters: max depth = 10, minimum samples of leaf = 2,
minimum samples of splits = 2, the number of estimator = 135

- test set score: 0.857

Example of hyperparameter tuning

max_depth=5, min_samples le » min_samples split=2, n_estimators=15, oob score

max_depth=5, min_samples le 1, min_samples split=2, n_estimators=17, oob scor

-3 10l | ] ) &
) - gonomic Design
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CNN 7|8t 2= g HEl- Oyerview

Prepared dataset (classified)

‘ ‘ Same data as input
Model input

Test model construction

Training model construction

» Using MobileNetV2 to build CNN = Obtaining test
structure accuracy
»  Showing result
= Conducting data Wi Py B
augmentation to "l =1 .=
increase dataset and =
avoid overfitting B

Classifier

N FEIetn 2 Ergonomic Design
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Results: CNN 7|8l 2= m &l

QO 7= classification 222 E9| mpX| AtA| O|O|X| 7L &2

Classified folder
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Results: CNN 7|8l 2= m &l

O CNN model 7|8t & accuracy (average): 0.944294

Correct Input

GHlO|Ef = Ci|O|E| %
Right L2-B1-R1-K1 186.8 282.8 @.928792
Right L2-R1-K2 156.8 175.8 |8.591429
Right L2-T1-B1-R1 184.8 185.86 6.994595

Right L3-Bl1-R1

Right L3-R1-K1

Right L3-R1-T1 226.8 229.8 0.986960

Right L4-R1
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Discussion

a = d+7= Hil2ld 78S AME5H0] mHX| XHM| & B X|/E/OIF2H AFE =
F7HX 5/ ZE(CNN, RF)2| 452 H|w/ 87} 5=
O 2 A0 JHEE RO M3 = (1) CNN: 94.4%, (2) RF: 85.7%Z L}X|

LM S Ttefol=0 204 2l A2 = LIEHH
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Application
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- Most frequent handle

- Most convenient for most
people

- Less accurate when clicking

- Good to play
- Easier, more precise clicking
- less comfortable for long

sessions

100% ao%: 60% 40% 20% 0% - Best control
Preference - More natural feel than the
grab handle
- Most tiring of the three handle
types
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Limitation
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Limitation
QO 2 AT ME AFRXES| physical user interface(PUI) A& At2Ho| 1K
XM B 2SI H S = Graphical user interface(GUI) AFE Argh 118

Q IFX| XM =0 27H<| QUO AR3I0] LESt

: ,’ FgIgetn - Ergonomic Design
; ﬂ-g%ﬁ%ﬂ .g.ﬂp_l. Technology Lab



Future Study
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